Molecular pathways: hypoxia response in immune cells fighting or promoting cancer.
Both malignant and stromal components in tumors are influenced by the physiologic conditions of the microenvironment. Hypoxia is a prominent feature of solid tumors as a result of defective vascularization and intense metabolic activity. The gene-expression control mechanisms that adapt tissues to hypoxia are exploited by tumors to promote angiogenesis and vasculogenesis. The functions of infiltrating immune cells (macrophages and lymphocytes) and other stromal components are also influenced by a limited O(2) supply. Hypoxia-inducible factors (HIF) are the main molecular transcriptional mediators in the hypoxia response. The degradation and activity of HIF-1α and HIF-2α are tightly controlled by the fine-tuned action of oxygen-sensing prolyl and asparaginyl hydroxylase enzymes. Recent evidence indicates that hypoxia can modulate the differentiation and function of T lymphocytes and myeloid cells, skewing their cytokine-production profiles and modifying the expression of costimulatory receptors. This conceivably includes tumor-infiltrating lymphocytes. Hypoxia not only directly affects tumor-infiltrating leukocytes but also exerts effects on tumor cells and vascular cells that indirectly cause selective chemokine-mediated recruitment of suppressive and proangiogenic T-cell subsets. This review focuses on changes induced by hypoxia in immune cells infiltrating solid malignancies. Such changes may either promote or fight cancer, and thus are important for immunotherapy.